ABSTRACT. The article examines the approach to estimating the effect of the tax burden on the amount of total output and budget revenues. This approach uses a behavioral model, with a specific version of an entropy function. In the context of production technology, to quantitatively estimate the dependence of output on the amount of the tax burden, the article reflects the expansions of the macroeconomic production function in which the role of the average tax rate is distinguished in some form. The suggested model makes it possible to determine the so-called fiscal points corresponding to the maximum production effect and the budget's maximum tax revenues. The conclusion is drawn that, these points correspond to the Laffer concept, since for the points of the behavioral model the amount of use of economic resources occurs endogenously. The results obtained are illustrated using existing data on the U.S. economy. When different versions of the calculations were carried out, the estimated model as a whole, as well as its parameters, maintained its stability and did not lose its statistical significance in a fairly broad range of changes in the "sample size." Even when the quality of the model deteriorated (the parameters being estimated became statistically insignificant) as a result of excessive reduction of the sample size, the estimates of the fiscal characteristics changed only slightly. This is not sufficient grounds for drawing final conclusions about the suitability of the suggested model for conducting specific applied calculations. © 2013 Bull. Georg. Natl. Acad. Sci.
Bull. Georg. Natl. Acad. Sci., vol. 7, no. 1, 2013 budget revenues according to the change in the involvement of resources in production. Both of these effects can be analyzed and estimated based on mathematical economic models.
Two such models are presented in this article. In one model, the tax burden (average tax rate) is a factor determining the technology and efficiency of resource use, while in the other it is a factor determining the amount of resource use and the level of economic activity. Both of these models consider the values of total output and budget revenues as functions depending on the aggregated tax rate. If total output is designated as Y, and the budget's tax revenues as T, then we can write ( )
where t is the aggregated (average) tax rate (the ratio of the budget's total tax revenues to GDP), which satisfies the condition 0 1 t   . In this case, it is understood that the functions ( )
Y t and ( ) T t are interrelated as ( ) ( ) T t tY t
 . This relationship shows that the behavior of the budget revenues function is substantially determined by the behavior of ( ) Y t .
Therefore, of these two functions more attention will be given to the total output function ( ) Y t .
In the context of production technology, to quantitatively estimate the dependence of output on the amount of the tax burden, we can use expansions of the macroeconomic production function in which the role of the average tax rate is distinguished in some form. Such an expansion is possible in two basic directions. In one direction, taxes should be seen as a component of production technology.
In the second way of expanding the production function, taxes are seen not as components of technology, but as factors that act on the efficiency of technology, or rather, on the efficiency of the resources used in technology: labor and capital. One version of such an expansion is suggested by Evgeny Balatsky, it is a production function with variable elasticity, in the following form [3: 88] :
where K is the cost of the capital used; N is the amount of labor used; D is a trend operator (a function of which the argument is time); ( ) t  and ( ) t  are the capital and labor elasticity coefficients of output, the values of which depend on the average tax rate t; and ã is parameter the statistical estimation of which, together with other parameters, is done based on time series of the variables ( ) Y t , K , N and t.
It should be noted that function (1) and the budget revenues function corresponding to it:
(or, on the whole, a model such as (1)- (2)) was developed by Balatsky for a broader purpose than that in connection with which we are talking about it in this case: for substantiating the macroeconomic concept of the Laffer curve and estimating the effect of fiscal policy on the level of business activity in a country with reasonable reliability [3: 89] . In spite of this, we believe that in modeling the relationship of the average tax rate and output, even with the version of the expanded production function (1), it is only partially possible to reflect the essence of the Laffer concept. The point is that the underlying essence of the Laffer theory -that is, its philosophy -consists in the idea that an increase or decrease in the tax burden, by creating a negative or positive system of stimuli, fosters a decline or growth in economic activity, which is primarily expressed in a change in the amount of use of resources, rather than in an increase or decrease in the efficiency of their use [4] . Consequently, to characterize the main aspect of the Laffer theory requires a model that is based on a behavioral equation and can reflect the positive and negative stimuli created by taxes, rather than a model based on the transformation equation (1), which for the most part is used to characterize production technology [5] .
We can base the construction of this type of model on a generalized version of Arthur Laffer's concept, according to which the aggregated (average) tax rate has an impact on total output in approximately the same form as on the amount of the budget's tax rev-Bull. Georg. Natl. Acad. Sci., vol. 7, no. 1, 2013 enues [6, ch. 7] . Postulates of this concept can be formulated in a formalized way as follows:
1. At the extreme points t = 0 and t = 1 of the range of determination of the aggregated (average) tax rate, the values of total output ( ) Y t and budget revenues ( ) T t are equal to zero, that is: (0) ( t can be one of the conditions fostering improvement of a country's economic policy. Two circumstances should be taken into account when constructing an appropriate model. The first one is that, in any economy, the total output depends on the amount and quality of existing economic resources (labor, capital, land, and production capabilities) and on the level of technology for using these resources. These factors determine the economy's production-technology capabilities, and if they are distributed in the best possible way and fully used we have the maximum output, which is also called the potential output level.
The second circumstance is that no less a role in the economy is played by the institutional environment, creation of which is a function of the government.
Depending on how ideal the institutional environment is, in conditions of the same production-technology capabilities, the amount of output will be different for any two economies or any two periods of time. In the case of the best, that is, ideal, institutional environment, the actual and potential outputs are equal to each other. However, as a rule, the actually existing institutional environment differs from its ideal version in most cases. Therefore, the actual level of the economy's total output is less than the potential level. Without question, an important role in creating the institutional environment is played by the tax system, along with a set of other factors. At the level of a model, we can set up a situation and assume that it is the tax system that is the main factor in creating the institutional environment that determines the behavior of economic agents. If we make such an assumption, then the total output function ( ) Y t can be represented in the following form [7] :
where pot Y is the result expressing the economy's s production-technology capabilities; and ( ) f t is the function reflecting the institutional aspect. As for the function ( ) f t in (3), it describes the overall effect of taxes on total output. It is a behavioral function that, based on its content, should have the following properties: 
Then we have:
where  is a statistically estimated positive parameter; and e is a Neperian number (base of the natural logarithm).
The budget revenues function corresponding to (5) has the following form:
It can be shown that, in the conditions of model (5)- (6), the values of the Laffer fiscal points of the first and second kind, * t and ** t , are determined as follows [10] :
In addition, the following conditions are valid:
Therefore, for the total output function (5) we have:
And for the budget revenues function (6) :
As we see, in the conditions of model (5)- (6) 
where  is the existing amount of capital; L is the existing amount of labor; and  is some function 
is transformed into a regression equation, then, along
To illustrate this, we turn to statistical data that exist for the U.S. economy and consider 1970-2008 the period to be analyzed [11] . To determine the specific econometric form of (9), we represent the potential output function (8) as follows:
where i is the time index; As we see, this factor of production, in contrast to labor, does not figure in the model in an explicit form. Calculations have shown that, if the amount of capital is taken into account, some of the model's estimated parameters become statistically insignificant. Therefore, it is desirable to limit ourselves to just one basic factor: labor. What is more, even if there is no strictly econometric problem, it is justified to consider only labor as the main factor determining the potential output level. The point is that for the U.S. economy (and not only for it) labor is in shorter supply than capital. According to various calculations, for the United States the so-called natural capital utilization level is approximately 82 percent [12] , while the natural rate of unemployment is less than 6 percent.
We incorporate (10) into (5), so that
and by taking the logarithm we transform this expression into a regression equation with the following form:
where i  is a random term characterizing the part of the actual output's deviation from the potential level that is determined by so-called nontax circumstances.
The results of estimation of this equation are given in Table 1 . As we see, all of the model's estimated coefficients and the absolute term are statistically significant. The regular and adjusted coefficients of determination are highly significant. And there is no autocorrelation problem (it is denied by the Durbin h-test, at both the 5 percent and 1 percent significance levels). Consequently, the estimated model is suitable for drawing certain conclusions.
Based on the  given in Table 1 , using equations (7), it is easy to establish that for the period being analyzed: t* = 0.316, t** = 0.586.
This result indicates several interesting things to us.
First, the derived value of the Laffer fiscal point of the first kind, that is, the optimal tax rate * t is somewhat higher than the actual value of t for each year over the course of the period under consideration (for reference, the actual values of t in 1970-2008 satisfied the inequality 0.261  t  0.303, and the average value of t for the period was 0.277). We can (12) judge the results of the tax burden's deviation from the optimal rate in individual years according to the value of the function ( ) f t . As we have indicated above, * ( ) 1 f t  , and ( ) 1 f t  for any t different from * t . In the latter case, the actual output level lags behind the potential output level, and the reason for this lag may be either an excessive or insufficient tax burden. At the same time, the more the actual tax rate differs from its optimal value, the greater the differ-
, that is, the percent difference between the potential and actual outputs. A graphic illustration of this is given in Figure 1 , which shows the dynamics of percent values of the lost gross domestic product due to nonoptimality of the tax burden. Figure 1 shows that, according to model (5)- (6), if the Laffer theory is correct, there was a certain resource in the U.S. economy for increasing output by optimizing the tax burden. Because of the low tax burden, this resource was greater than 1 percent in some years (1971, 1975, 1983, 1984, and 2003) , and less than 0.2 percent in other years. If we calculate the average value during the period, we find that in 1970-2008 the average annual lag of actual output behind the optimal level due to a nonoptimal tax burden was 0.66 percent. This is a considerable reserve, and therefore it may be said that during the period under consideration, on average, the U.S. economy functioned in conditions of a nonoptimal tax burden. Second, no less attention should be given to the circumstance that the Laffer fiscal points We consider it necessary to make one extremely important clarification. We have in mind that the deviation of the actual output from the potential output may be caused by the effect of a nonoptimal tax burden or by other, nontax circumstances and factors.
The function (1 ( )) f t  reflects only the part of the deviation that is due to the tax burden. The rest of the deviation, which is due to nontax circumstances and factors, is characterized by the random term å in equation (12) . The effect of these circumstances and factors on the amount of output is sometimes more substantial than the effect of the tax burden, and they may work in completely opposite directions. This is confirmed by Figure 2 , which shows the dynamics of percent values of the overall deviation of actual output from the potential output estimated accord- ing to model (12) . As the figure shows, in individual years the deviation from the potential was three or more percentage points, while the maximum deviation because of the nonoptimal tax burden was approximately 1.2 percent. Moreover, in individual years the effect of nontax circumstances was so strong that it exceeded the negative stimuli due to nonoptimality of the tax burden, and the actual output, instead of lagging behind, exceeded the potential output. In Figure 2 , such cases correspond to negative values of the deviation.
Along with the curve for the dynamics of deviations of actual output from the potential output, Figure 2 also shows the curve for the dynamics of the actual unemployment rate. As we see, the movements of these two curves are very similar to each other, which indicates that in conditions of high unemployment the lag behind potential output was accordingly high, while in the case of especially low unemployment rate (less than 6 percent), actual output exceeded the potential. This result should be especially emphasized, since in the proposed model nei- In summary, we note that the model considered here for estimating the effect of the tax burden on the amount of resource use has worked fairly well in regard to data on the U.S. economy. The results obtained are entirely plausible in an economic sense. When different versions of the calculations were carried out, the estimated model as a whole, as well as its parameters, maintained its stability and did not lose its statistical significance in a fairly broad range of changes in the "sample size." It is interesting that, even when the quality of the model deteriorated (the parameters being estimated became statistically insignificant) as a result of excessive reduction of the sample size, the estimates of the fiscal characteristics t* and t** changed only slightly. Naturally, all of this is not sufficient grounds for drawing final conclusions about the suitability of the suggested model for conducting specific applied calculations. However, we do believe that, after some future improvements and testing of its performance with statistical data from various countries, the suggested approach may prove to be perfectly acceptable for estimating the efficiency of fis- statiaSi ganxilulia erToblivi gamoSvebis moculobasa da biujetis Semosavlebze sagadasaxado tvirTis gavlenis Sefasebis midgoma. igi efuZneba qceviTi tipis models, romelSic gamoyenebulia entropiuli funqciis specifikuri varianti. SemoTavazebuli modeli maqsimaluri warmoebrivi efeqtis da biujetis maqsimaluri sagadasaxado Semosavlebis Sesabamisi fiskaluri wertilebis gansazRvris saSualebas iZleva. gakeTebulia daskvna, rom aRniSnuli wertilebi TanxvedraSia laferis koncefciasTan, radganac qceviTi modelidan miRebuli wertilebisaTvis ekonomikuri resursebis gamoyenebis moculobis gansazRvra endogenurad xorcieldeba. miRebuli daskvnebi ilustrirebulia aSS-is ekonomikis Sesaxeb arsebuli monacemebis gamoyenebiT.
